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A cooperative study with the  University of  Minnesota t o  determine the  
e f f e c t  of t e s t  systems and personnel on D1 
s i s t e d  of th ree  phases. Phase I was completed during the  week of  Jan- 
uary 12, 1970, a t  which time simultaneous on-site t e s t s  were conducted 
by both groups i n  Phoenix. 
ducted by both groups i n  Minnesota during the  week of January 26, 1970. 
Phase I11 involves simultaneous t e s t i n g  by each group i n  t h e i r  respec t ive  
l abora to r i e s  and has not been completed t o  date .  
f a r  has been analyzed by the  computer and s t a t i s t i c a l  se rv ices  of the  
University of Minnesota. 
values f o r  two spore crops 
of Baci l lus  s u b t i l i s  var.  n iger  was p a r t i a  E y completed. The study con- 
Phase I1 consis ted of the  same t e s t s  con- 
All da ta  obtained thus  
A br ie f  ou t l i ne  of major procedural d i f fe rences  is as follows: 
I. Spores. 
A. Minnesota: B. s u b t i l i s  var.  n iger  s p o r d a t e d  on TAM 
Sporulation Agar and stored i n  95% ethanol  a t  4 C.  
B. Phoenix: B. s u b t i l i s  var. n iger  sporulated i n  SSM-10 
l i q u i d  med-urn (Report No. 25) and s tored  i n  95% ethanol  
a t  L+ C. 
11. Inoculat ion and conditioning p r i o r  t o  heating. 
A. Minnesota: S t a in l e s s  s t e e l  s t r i p s  (1/2" x 1/211) were 
inoculated with the  suspensions using a 0.02 m l  Eppendorf 
Micro l i te r  P ipe t te .  
n ight  i n  a laminar cross flow room (35% RH and 25 C )  and 
were protected from d i r e c t  exposure t o  the  air  flow. 
S t r ips  were then conditioned over- 
B. Phoenix: S ta in less  s t e e l  s t r i p s  (1/2" x 1/2") were 
inoculated using a 0.025 m l  dropper p ipe t t e  (Report No. 
25) and conditioned overnight i n  a vacuum (2611 hg) over 
ac t iva ted  s i l i c a  gel .  
111. Heating systems. 
A. Minnesota: Rectangular copper boats each holding 5 
The hot 
s t r i p s  were heated a t 1 2 5  C on a hot  p l a t e  device i n  
the  laminar crossflow room (35% RH, 25 C). 
p l a t e  was protected f rom t h e  a i r f low and the  temperature 
was monitored with a recording thermometer. 
B. Phoenix: The s t r i p s  were suspended i n  a forced a i r  
oven a t  125 C (Report No. 25) loca ted  i n  a laminar 
downflow room (4.22 2% RH, 722 2 F) 
IV .  Recovery of spores. 
Teams i n  both loca t ions  plated appropriate  d i l u t i o n s  with 
TSA. Colony counts were made af ter  48 hr.  incubation a t  
32 C. 
2 
I n  both loca t ions ,  t r i a l  runs were conducted during the  f i r s t  day t o  
e s t a b l i s h  sppropriate  d i lu t ions  f o r  each heating in t e rva l .  
quently, each team performed one t e s t  on each spore crop f o r  two 
consecutive days. During the f i r s t  t e s t  i n  Phoenix, a member of one 
team counted a complete s e t  of  plates .  The counting marks were then 
erased, and the  s e t  was passed t o  a member cf the  o ther  team for coiint- 
ing. Differences i n  ind iv iaua l  counting were fclund t o  be s t a t i s t i c a l l y  
s ign i f i can t .  
not be considered as s ign i f i can t  i n  a microbiological sense (L.x., 42.6 
min. vs. 48.9, 45.6 vs. 45.0 f o r  Phoenix spores and 25.2 vs. 25.1, 22.6 
vs .  22.8 f o r  14innesota spores) .  Coilnting d i f fe rences  arose p r i m r i l y  
f r o m  indiv idua l  assessments of coalescing growth on the  bottoms of many 
p la t e s .  
by both teams showed close cor re la t ion  with each spore crop and heat ing 
sys ten.  
Subse- 
However, the  differences i n  r e s u l t a n t  D125c values could 
For the  remaining t e s t s  at both loca t ions ,  D125C values obtained 
Vnen D 1 2 j C  values of t he  two spore crops were compared, t he  Phoenix 
crop gsown i n  SSi-10 l i q u i d  medium had higher values i n  both t e s t  
systems than d id  the  Minnesota crop gro1.m on TAM Sporulation Agar. I n  
Phoenix, the  Phoenix crop (P) D125c values by both teams averaged 39.3 
min. while the  Minnesota crop (M) averaged 27.5 min. 
averaged 21.9 min. and M averaged 14.3 min. 
I n  Minnesota, P 
Perhaps the  most s t r i k i n g  observation r e s u l t i n g  from the  t e s t s  was t h a t ,  
when considering both locat ions,  both teams, and both spore crops, t he  
D125c values obtained on the  second day of t e s t i n g  were cons is ten t ly  
m d  s i g n i f i c a n t l y  lower than those values obtained on the  f irst  days. 
This phenonenon has y e t  t o  be completely resolved. 
ca t ions  a re  t h a t  t h e  var iab le  posit ioning or" t he  copper boats on t h e  
hot p l a t e  may have accounted f o r  the d i f fe rences .  
the  posi t ioning of s t r i p s  i n  the  forced a i r  oven remained cons is ten t  
over t he  two days of t e s t i n g .  
and the  r e s u l t s  of  Phase I11 w i l l  be reported la ter .  
I n  Miruesota, indi-  
I n  Phoenix, however, 
Fcirt'ner i nves t iga t ion  of t h i s  phenomenon 
Thus far, t he  r e s u l t s  of t h i s  study a r e  encouraging. Ind ica t ions  a r e  
t h a t  severa l  l abo ra to r i e s  performing d ry  hea t  i nac t iva t ion  tests w i l l  
be ab le  t o  "ca l ibra te"  o r  r e l a t e  t h e i r  D125C values by using a common 
protocol  and a standard spore crop. 
2, Sased on the  same da ta  from the s tudies  described above a comparison of 
D values obtained using the  Minnesota method of  ana lys i s  was n?ade with 
D values obtained using the  Phoenix method of analysis .  The Minnesota 
method u t i l i z e s  a computerized l e a s t  squares regression ana lys i s  which 
appl ies  r d e s  for accepting o r  rejecliing c e r t a i n  p l a t e  counts and which 
ignores Ro values because of conmonplace non-l inear i ty  of da t a  during 
t h e  f irst  time period o f  heating. 
ca lcu la t ion  of a similar l e a s t  squares regression ana lys i s  with m l e s  
f o r  accepting o r  r e j ec t ing  ce r t a in  p i a t e  counts. Also, No values a re  
alvays used. If inspect ion of the d a t a  suggests a polyphasic survivor  
curve (u., 11shoulder" or 11tailing11) D values a r e  calculated for each 
The Phoenix method involves hand 
3 
3. 
4.. 
l i n e a r  po r t ion  of t he  curve (Report Nos. 21 and 27). 
t he  comparison of values obtained from the  d a t a  of the  interl.z.bora- 
t o r y  cooperative s tudy using the  two  nethods of a n d y s i s .  
t h a t  t he  D125c values obtained by the Fnoenix method of  ana lys i s  were 
nore consiszent  than those oStained w i n g  the  Xinnesota tec'mique. 
Basical ly ,  however, t he  saxe general  t r ends  and conclusions did. not  chm-ge. 
Table 1 presents  
It  E2peared 
The r ep roduc ib i l i t y  of t he  mul t ip le  r e p l i c a t e  u n i t  t e s t i n g  (FS-FPN) 
sys t en  used f o r  t he  frequency d i s t r i b u t i o n  o f  D125c values  i n  Report KO. 
26 was ex&Tined. 
quency d i s t r i b u t i o n  and t h e  stendard E. s u b t i l i s  var. n iger  (SC-SSM-10) 
were t e s t e d  on two consecutive days, and t h e  r e s u l t s  a r e  shotm i n  Table 
2. 
t h e  c o e f f i c i e n t  of v a r i a t i o n  being less than 10%. Future t e s t s  will 
examine the  r e l a t ionsh lp  betveen D125c values  obtained by the  FN-NPN 
sys t en  and those obtained by p l a t e  counting. 
Two of t he  Mariner '69 spore i s o l a t e s  from the  f re-  
The r ep roduc ib i l i t y  of  the  system w a s  found t o  be acceptable wi%h 
The s tudy t o  es t imate  concentrat ion of buried ~ i c r o b i a l  contamination i n  
e l e c t r o n i c  conponents (Report No. 28) was continued. Ten percent  of t h e  
tnbes containing f r a c t u r e d  components i n  TSB and demonstrating no growLh 
a f t e r  30 days of  incubat ion a t  32 C were inoculated with E. su3tllis var. 
n ige r  ar,d again incubated a t  32 C.  
tubes showed heavy growth ind ica t ing  an absence of i n h i b i t o r y  materials. 
Af te r  2L hours a l l  21 inoculs ted  
The f r a c t u r e d  components i n  group A were a s e p t i c a l l y  renosed from t h e  
tubes containing TSB, each ha l f  r e s i s t o r  was broken i n  tvo, f o u r  q u a r t e r  
pieces  rere  placed i n  each of LO tGbes containing TSB and tine tlAbes vere  
incubated a t  32 C .  
o r i g i n a l  tubes containing f r ac tu red  components i n  TSB contaiced s i g n l f i -  
c a t  amounts of bottom sediment. These tubes had i n i t i a l l y  been con- 
s idered  pos i t i ve  f o r  growbh d t e r  2L hours of incubat ion but a t tempts  
a t  subcul tur ing were unsuccessfal .  This l ead  t o  the  conclusion that 
t he  t u r b i d i t y  was due t o  a non-viable p r e c i p i t a t e .  
examination of t he  sediment made a t  the  time when the  component pieces  
were removed from the  tubes lndiceted t h e  presence of  l a rge  mz3ers  o f  
gram pos i t i ve  rods. Attempt2 were again made t o  subculture the  sedirnent 
us icg  TSA, TSB, f l u i d  Thioglycollate nedilm and cooked m a t  medixn 
incubated ae rob ica l ly  and anaerobical ly  a t  32 C and 37 C. 
was de tec ted  i n  any o f  these  media. 
During t h i s  procedure it was noted t h a t  two of  t he  
Bowever, microscopic 
KO groxrth 
The component pieces  recovered from the  tGbes containing the  sediment 
were a s e p t i c a l l y  washed seve ra l  t i n e s  i n  s t e r i l e  bcffered d i s t i l l e d  
water t o  remove c e l l s  t h a t  might be adherLng t o  the  w r f a c e s  and were 
then a s s p t i c a l l y  placed i n  tubes of TSB and incubated a% 32 C for 4s 
hours. 
sediment w a s  noted and nicroscoplc  exanination of  thls sediment revealed 
l a r g e  nimbers of c e l l s  sirfilar t o  t5ose ob-ei-md. i n  t he  o r i g i n a l  tubes.  
Attcnpts  t o  subcul ture  5hese c e l l s  :.?rn Znsmcessf-1. I.'ork w i l l  con- 
tinue, with tlnese components and ct teppzs vi11 be made t o  recover t h e  
b a s t e r i a  i n  a v i ab le  s t a t e  and i d e n t i f y  then. None o f  the 40 tL.Ses 
contaixing t h e  re f rac turod  compofients o f  t h l s  t j p  vere pos i t i ve  for 
grow5h. 
Alt5ough no oSvious ixrbidii ty ms observed i n  the t u b s  2 
Gzr:e~lc i d e n t i f i c a t i o a  of  molds iso1a';ed from Apollo 12 i s  shown i n  
3 7 . .  7 - 1  e b' 
lGii- . 
eeploysd. S ix  genera were detec-ted on TSA, nine on Kyeophil, two  o n  
FiacConkeyFs and one o n  i3looZ Agare 
:JycophLi - -  Agar, GES only o n  TSS 2nd o m  only on NacConkey's agar.  
A t o t a l  of il genera w r e  de tec ted  oil the  four culture media 
?OUT genera were i s o l a t e d  - o ~ l y  on 
A c c q a r i s o n  of the  i?lrlir.'c.ers a16 types of  rrilcroorganisms de tec ted  on 
-.!:pollo I O ,  11 2nd 1 2  spacecrd ' t  i s  shorm ixi Table 9. 
data f o r  a l l  t h ree  spacecraf t  are s i z i l a r .  
The quzr- t i t a t ive  
3 s  2,037 b z c t e r i a l  colorlss i s o L a x 2  and i d m t i f i e d  f r o n  Apollo 1 2  
syzcecraii-~ were l y c p L l i z e 6  and s tored for f u t u r e  reaere ixe .  
A i 1  qca"-i 11 v- t a t i v e  and qvdita-live dh-ka ob"sired from A2olio 12 n i s s i o n  
KB~'O s t o r e 6  on a CCC 3lOO c o q u t e r  a t  Case Kennedy. 
were cornpiled and s e n t  t o  the Planetary Qaarantine Off icer .  
C o x p t e r  p r ln touts  
Strubies were i n i t i a t e d  on the Apollo 13 spacecraf t ,  and r e s u l t s  w i l l  be 
re2orzed next quarter. 
n- ice i d e n t i f i c a t i o n  schex.;es f o r  Iricroopganisms i s o l a t e d  f r o n  s p a c e c r d t  
rev ised  and w i l l  be completed &wing the next quarter.  M ~ r k  on 
the d s v e l c p e n t  ar,d evaluation of 2 eo::.jute-r i 2 e n t i f l c a t i o n  systen i n  
con ju rx t lon  w i t h  t he  Szndia Corporation i s  i n  progress. 
I n  accordance .r.rith a reqcust from -%e Planetary Qilaranuine Officer, 
r22roxkiately 500 c ~ l - t l ~ r e s  i s o l a t e d  from the primates assoc ia ted  wi'ch 

TABLE 1. CG>I?ARISON OF D 1 2 5 C  VALUES E A S E D  ON PHOENIX AND MINNESOTA METI-!ODs 
OF AXALYZING INTERLABORATORY COOPERATIVE STUDY DATA. 
D125C Value 
in Minutes 
Spore Experimenting Counting Phoenix Minnesota 
Crop Team Team Analysis Analysis 
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TABLE 3 .  TYPES OF MICROORGANISXS FOUND ON APOLLO 12  SPACECRAFT, 
Stanl-.vlococcus spp. 
Gi-oup I 
Group I1 
Group I11 
Group IV 
Group V 
Group VI 
Mici-ococcus spp. 
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 
Corynebacterium-Brevibacterium Group 
Alcal-igenes spp. 
Flavobacterium spp. 
Actinomycetes 
Streptomycetes 
Y e a s t s  
ZIolds 
A t  yp i cal Mi c r o co c cu s SPP * 
Atypical Bacillus spp. 
Bacillus spp. 
a l v e i  
Sariius 
bi-cvi s 
cereus 
c i r cu I an s 
coagulans 
f i rmus 
laterosporus 
l e n t u s  
licheniformis 
me K a t  e r  i urn 
pantothenticus 
polvmyxa 
pul vif aciens 
sphaericus 
sub ti li s 
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0 0 0 0 0  
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TABLE 5 .  A COMPARISON OF THE TYPES AND LEVELS OF AEROBIC MESOPHILIC MICRO- ’ 
ORGANISMS DETECTED ON THE APOLU) 12 SPACECRAFT USING TRYPTICASE 
SOY AGAR AND BLOOD A W R .  
. 
TSA 
% 
Blood 
A g a r  
% 
Stanhylococcus spp. 
Group I 1  
Group I 1 1  
Group IV 
Group V 
Group VI 
Micrococcus spp. 
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 
Bacillus spp. 
B. alvei 
- B. badius 
- B. brevis 
- B. cereus 
- B. circulans 
- B. coaaulans 
- B. firmus 
- B. 1aterosDorus 
- B. lentus 
- B. licheniformis 
- B. mepaterium 
- B. pantothenticus 
- B. pulvifaciens 
- B. sphaericus 
- -  
Corynebacterium-Brevibacterium Group 
Alcaligenes spp. 
Flavobacterium spp. 
Actinomycetes 
14.3 
2.0 
12.0 
6.1 
10.1 
7.2 
3.8 
3.5 
0.1 
0.9 
0.2 
17.2 
0.1 
0.3 
0.1 
0.1 
0.9 
0.3 
0.4 
0.1 
. 0.6 
0.1 
0.3 
0.5 
0.3 
0.4 
9.6 
0.2 
0.4 
0.3 
15.0 
0.9 
8.6 
12.3 
9.1 
7.3 
3.6 
2.3 
0.9 
0.5 
19.1 
0.5 
0.5 
0.5 
0.9 
0 . 5  
1.4 
9.1 
0.5 
TABLE 5. continuation 
TSA 
z 
Blood 
Agar 
% 
Streptomycetes 
Yeasts 
Molds 
Atypical Micrococcus spp. 
Atypical Bacillus spp. 
No growth on subculture 
0.1 
0.5 0.9 
1.1 0.5 
1.7 0.9 
0.1 
4.2 4.5 
Number isolated 1150 220 
' 
TABLE 6. GENERAL TYPES OF MICROORGANISMS DETECTED ON TME APOLLO 10, 11 
AND 12 SPACECRAFT USING TRYPTICASE SOY AGAR. 
~ ~~ 
S P A C E C R A F T  
A p o l l o  10 A p o l l o  11 A p o l l o  12 
Number Percent Number  Percent Number  Percent 
Indigenous to h u m a n s  1067 96 .2  1109 94.8 1080 93 .8  
I n d i g e n o u s  to d u s t  and soi l  42 3.8 61 5 . 2  70 6.1 
TABLE 7. A COMPARISON OF TYPES OF MICROORGANISMS ASSOCIATED WITH THE 
COMPONENT PARTS OF APOLLO 10, 11 AND 12 SPACECRAFT USING 
TRYPTICASE SOY AGAR. 
Apollo 10 Apollo 11 Apollo 12 
Human Environmental Human Environmental Human Environmental 
TvDe TvDe TvDe TvDe TvDe TvDe 
Source Percent Per cent Percent 
CMI 97.6 2.4 99.3 0.7 97.9 2.1 
LA1 99.5 0.5 98.0 2.0 96.8 3.2 
LAE 90.7 9.3 92 c6 7.4 88.9 11.1 
LDE 97.5 2.5 91.7 8.3 93.7 6.3 
SLA 82.4 17.6 25.0 75.0 100.0 0.0 
I .u. 88.9 11.1 84.4 15.6 79.4 20.6 
S-4B 87.5 12.5 76.2 23.8 79.7 20.3 
TABLE 8. MOLDS DETECTED ON APOLLO 12 SPACECRAFT IN RELATION TO RECOVERY 
MEDIA. ' /  
Genus 
Number of I s o l a t e s  
Tryp t i case Blood MacConkey' 8 My cop h i  1 
Soy Agar Agar Agar Agar 
A 1 t e r n a r i a  
A s p e r g i l l u s  
1 
7 
0 
1 
0 
1 
1 
4 
Aureobasidium p u l l u l a n s  0 0 0 1 
B ipo lar  i s 2 0. 0 1 
Cephalosporium 0 0 0 1 
Curvularia 2 0 0 3 
Fusarium 
N i  grospora 
P e n i c i l l i u m  
Phoma 
0 0 0 
0 0 0 
1 0 0 
1 0 0 
2 
1 
' 
5 
0 
S c o p u l a r i o p s i s  0 0 1 0 
TABLE 9. COMPARISON OF THE NUMBERS AND TYPES OF MICROORGANISMS DETECTED 
ON THREE APOLLO SPACECRAFT. 
* /  
Apollo 10 Apollo 11 Apollo 12 
Staphylococcus spp.  
Group I 
Group I1 
Group I11 
Group IV 
Group V 
Group VI 
Micrococcus spp. 
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 
Group 6 
Group 7 
Group 8 
Streptococci-Enterococcus Group 
Streptococci-Viridans Group 
Streptococci-Pyogenic Group 
Bacillus Spp. 
alvei 
badius 
brevis 
cereus 
ci r culan s 
coagulans 
f irmus 
laterosDorus 
lentus 
licheniformis 
megaterium 
pantothenticus 
polvmvxa 
pulvi f aci ens 
pumi lus 
sphaericus 
sub t i l i s  
142 
260 
39 
131 
163 
134 
142 
85 
68 
0 
20 
0 
94 
4 
2 
15 
3 
0 
0 
2 
2 
15 
8 
5 
1 
8 
6 
3 
1 
4 
3 
1 
1 
0 
28 
355 
6 
242 
215 . 
154 
207 
10 3 
36 
0 
26 
0 
104 
1 
0 
5 
0 
0 
3 
1 
4 
3 
4 
3 
1 
4 
7 
0 
13 
19 
0 
13 
2 
0 
1 
3 34 
29 
229 
155 
217 
161 
82 
77 
1 
20 
3 
283 
0 
0 
: o  
0 
2 
' 5  
1 
7 
27 
7 
9 
1 
8 
3 
0 
11 
4 
5 
0 
5 
6 
, TABLE 9. continuation 
Apollo 10 Apollo 11 Apollo 12 
Corynebacterium-Brevibacterium Group 
Achromobacter spp. 
Aerobacter spp. 
Alcalirenes spp. 
Flavobacterium spp. 
Pseudomonas spp. 
Actinomycetes 
Streptomycetes 
Yeasts 
Molds 
Atypical Micrococcus spp. 
Atypical Bacillus spp. 
No growth on subculture 
Number isolated 
160 
0 
7 
3 
1 
1 
2 
0 
5 
37 
9 
1 
409 
1991 
183 
2 
0 
9 
1 
0 
7 
0 
8 
34 
57 
3 
17 8 
2041 
172 
0 
0 
2 
8 
0 
3 
1 
13 
36 
28 
2 
75 
20 37 
